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£4 



# EJ-^fe afSS Li'Ei.y! 7^^e.o\c[. 

£ 3S 3 L^i^^x^7^ =axHs cnt 3iiiti°i M.oi^^ sssoick (a)^ Bueoi 7is ifflo^| eis 

7|(-SH)& iii#A|?|ZL, ^ UiSSol SXHS CNT BSS alS^fe 7fl^^E0|DK (b)fe {a)Oi\k\ ^-^S CNT E^So^! 
^ 7Ho| E|»7lS 7^7;[fe 0|g§ho=| E: ^ Uii^aSol =axH@ CNTS iSt^fe ^H^i-SOICK {c)fe (b) 

ai &.^^tho^ 3t0oii g L^inSJ7;^7^ sxhs cnt^i toi^ ^ii^^ioicK (d)^ (c)oi ^^a* 

n SXH@ CNT7h S4^JE|0H S^hM MO:|^fe 7Hsr£0|a. 

ehsw ^ ?Jt ui-o|o E\mm uekhji. 4^ ^^7| ui-ois E\mBm a-ss u^o|ssas u^E^ 

tHch 3e tJi-oi^ mom gEiJiTfsaisEi^^ uemiji, cntsi ^^o^! jiss ^*-7i 

£ 5b ?hO|L|-7;i| ^|t^0^ 3 L|■i^^7:^7^ ^7^1=! CNTO^| E|g 5|-S7|# 7^S ?|-0|L|-7a|o| 7|S ^E|c# Jl 

CNT- Au- 7is^Ei^ mr*ii» L^E^ycK 

i 7e cNT^|o^| jiss 7is^E|cm o|g£!- ^homx^i SL^yso^ -a^j oig* ^^H7ig oisufo^ cnt^i^i oi 

£ se CNT^|o^| JLSS 7|S^E|c J oiSS- 9[omm :§:^y-«o^ o|S« cHSlff^* Jig7^F£i(«l olgoj 

E. 9(a)fe CNTCHI E|S7|(- SH)S ^, S SS.O|^g Hj-gAlT^ 'id0^3 g aSO| SXljS CNT o| TEM A|-CJO| 

JL, (b)te E|g7|(- SH)7|- ^^El^l Sf& CNTS g SS.O|c£F BSMU CNTSJ TEM A^SO|IIK 

10b 9S JIHHMS. HR-TEM Ah^!o|cK 

i lie CNT (Hi SAiia g flSo^! cHt!" XPS o|§3L|a.(cioubiet) = ^o|cK 

£ 12b g ainiJA|-7F ?^XHS CNTO^| DNA7F gtfSfO^ CNT- Au- DNA ^t^x^j# g-^SFb ^O^^b 7H^£0| 
Ch. (a)b CNT ^-acHI aAH=! a L|-l^aS<HI DNA7f flxl ^0|5^o^ ai^EloH SJb ^^UeH-HH, (b)b 7|S^^CH| 
AH CNT- Au- DNA HtiM\7\ aiTfijoi 2Jb UEhycK 

£ 13b 3 L|-ir.iJA|-7h SXHS CNTO^| E|» 5fS7|« 7^a DNA» ¥5fA|a A(-ao|Ef. (a)b aSf^ DNASO| 

ajihs ulsS!" Ah£jo|cK (b)b CNT JEHldcH! DNA7F ^^M^o^ ^^tt^^M oi^M ti\JS.n asl-M M- 
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e El-4:l4tWM(carbon nanotube: CNT) Sfe CNTo| ^^o\\ QxH^ g^cHI i^j B^o|S M 

CNT& ?;[?&^o^| cnfo^ SxHshfe e^iS o|^o^5J Eh^ Sit^;^&A^ ^moj E^4l7^ c^5 "^a 

s ^mo\c[. cNTfe 7i7ii^ mm lyaj^, ¥io-iy ^H7=iig.^s mssi 

O|ofl CNTb S-x|o| ^^x^^^SS(electron emitter), VFD(vacuum fluorescent display), aj-iM^H-^j, FED(flelcl 
emission display), B|BO|e 2Sf^jx|£j^, ^±M^ 2^o|o^, Lft Urn, B^. AFM/STM ll(tip 

), B^n y[^m-\. SI- 5«rS □|AHI¥S, a^ir*ll So^aH Moh^^i j^ck CNTfe 

oi*H^ ^*!-^ an-aah si-*'-^ ei-s-aoi s^|o^L^Jl, £*iio| a¥ -a ^ ?js.d4, ^igoi mi mm 

^CW^^^ DH^ ^ ^^ ttH^CHI, «&iA|^AK E^Xl^Ei 0^|L^X| Ai?^x^| §o| ;i:7;H^Ai ^Oit+ -^SS MO|JL, 
^71 iSa- ^^^^ MCI- CJt^tm SSSl-71 flSH B-y^ CNTgg a-711 AI-S7I AISI-JJIcK 0|^7H| CNTS 

e 5^B^^l Ei-'S(ends) iy <atf(sidewaii)o| oi^oij -cooH 5,^g7ig 7^x|7^| ^ck o|e■^*^ srg7i 

s oistho^ cF§fth mmmm mn^^^ mom ^mnoi cnt°i ^mm 7mn7\^ ^[^m. m L[om 7r 

oil S.m CHT°\ ^i-S7|S -SH 7|^ x|E^t^ ^, a SgjOil DjA-lia^ eJill(micro contact printing) 7!SS 0|St|-Oi 
^eo^j hHUSI-*)- M:n.(Nan, X. at al., J. Colloid interface Sci., 245: 311- 18, 2002)2|- S5d7| ^ |>'-a(electrostati 
c method)^ 0\^n[0^ CNTM iSo-ll c|-§ai-o^ IL^Mtl ^Jiy\- SJcKRouse, J.H. et al., Nano Lett., 3:59-62, 2 

003). nyuf axi-fe cNToj iffi ai£7^ t^ji aifB^oi eft^c^fe esol 9i°oi, ^xtt .yEH54o^ ieo^| jissi- 

nHEjy ^H^^ 'i^SM *IS54oj 7^;:|:Il s:^[:F. aH^S «eHSJ iE'S 7||^o| ^^^| 

tin ioei 0^711^ o^l^Elb eJ^^ ffSiAh s, 1E.^o^ 7(jo| 7|feo| gn^g4x=| o|E^t.^ ^f^^A^s& i:H¥&o| ^ 
S^eJ ^£.^o| sib ?JcK sEth, oj^Mjaj S^oj ^^x|- ^mo\ o|-y B^IS 4=So^iAH ^S-£|7| mi^ 

<H|, ^xH77|-x| 7Hg^£lS;!:?Ha ^Hi^ Sofl oj- o|oNga| 95% omo\ E^^los «U oi^K cc^B^A^, 

oi B|^^^O^j Btb ^*^IMA^o| 7|^s gyH^ 7|feM-!4 SJ g^^S St^Oi odO^B 7i\S.m 

a^g^o^, g^a^^b M7^fe5^s^la, a^oii qjt.i- si^ sj (His^s^ ^h^^i-^ oj^oii ^^^^ijoj ^joi sg^i 
xig7;i-xi ^tgiEioHs g-eija- e^is zim ei-sgs 7i^e g-ais ^ 7|#o|cn, -^^i g-^aoii ehzls ois 

t|-o=| -^x-lieAl-oj b||lf^(orientation)S ^Aj-^^gojlAH ^SS^o^. ^<Sit\-lL &l-S@ B^^S xjxj*! aejcHI 

^0|5:jn.S JlSS Cl-S, B-^a- B«i|a L^oJ ^s:^!-** e-^^^fe 7|#0|H^ m 4= JJcKPaul, J. et al., JACS, 122:7 
849-7850, 2000; FiaVi, A. et al., Anal. Ciiem., 73:471-480, 2001; Benjamin. T. et al., Tibtech., 20:279-281, 
2002). 

^1^, CNTo| ^i7|^, EE^ =?-^^^^ m^S- 0|S§f-OH, U|-0|2.#aS CNToj S7!?^|-sr 

<t}o| uHtl-g bj-gggoil cHtl- 9i=?-7\ 0\^0-\X\Il (Dai, H. et al., ACC. Chem. Res., 35:1035- 1044, 200 
2; Sotiropoulou, S. et al., Anal. Bioanal. Chem., 375:103- 105, 2003; Erianger, B.F. et al., Nano Lett., 1:465- 
467, 2001; Azamian, B.R et aL, JACS, 124:12664- 12665, 2002). 

t.^S, B^ija- alZhS ehSSi i:HJt^e] cHls., o^bl|g(avidin)- H|-Oi£^ (blotin) y-gS S =1- ?Jbo||, ll^A^.g. M^m 
7ia^(H! CNTS ojgshoH siiy^ ^^f^ jz[B, m\m^^'^} g^a^ Ssl-o^ ^m^Mohuigoi 7^%^^ &gg^oHc:|.( 
star, A. et al., Nano Lett.. 3:459-463, 2003). 
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JL^t^l CNT 'aE|aiO|oH(multilayer)» e]■&o^ u. flcHI DNAB ¥^t^ &^M^o^ atTShte DNAS aS^F 
fe ft^'dS >!|feM^(genotyping), ^?j^o| ^^(mutafion detection), '^^^ 5 £J&(pathogen identification) S 
CHI -^SSI-CK PNA{peptide nucleic acid: DNA 41^A^*^i)» El-^'^(single wailed) CNTCHI ^O|?qos iStte, 
^^ DNA2I- -fel-a^o^ aii^tl-fe 5S SSa- aJ17|- ?Jc:|-(Wi!liams, K.A. et al., Nature, 420:761, 2001). £E&, 
^^7|l^^,^^el Sm ms.\lL^mB\^m^m cm oimin H^mi, ^opultl ^^sKguamdlne oxidation) 

SSH DNAB ass- o^iS: ?m{U, J. et al., Nano Lett., 3:597- 602, 2003). ZlfrlU 0|5!Se CNTS U|-0|S 

m^, CNT« Olgth mglfol U^OlSexf a#^AH(WO 03/016901 A1)7h ?jch. 7|S^|0^j 

Ai-sthoi ^^o| cmm iimt[ji ois^ s#si Em&jM ¥*tti-oH "yoiTiife HEi*Hys ui-oi^schi a^s ui 
u^o|o^A^sA^ cnt7|- oi^fe 3d«H, aioiMiioi no gHji gB(t|, e^asi s;!oi &^o^|A^ 

eJL^ is^McMi ojsH ate fi^^j«M# ?J7fl sjsjifecii, oi bh& sm&s oisHsh^i SE^t^fec^| 

o^ «^^iJS 7|-xH« oH^ShS^ch. 0\B\t^ 2^go^|A^ 7ife A|^^(genomic sequencing), S-Sdyol gft(mutation 

detection), HB\JL i^ftj-^ 3 5!0(pathogen identification)^ ^tl" DNA 7|jaro| H^^JL 

sc:^ ua^sTL ^^^o| iih uhols^dJAis 7Hl^^^7| ^IbH, ^15 dna S-asi- S^xl 71^0^1 CHS ?iB 9i=i^n ol^oHxlJi ?JcF. 

DNA£i ^m^m mn7\ aioiMn 7i^6oi 7W^Si9i^cM, tixw B\ommQi\ 7^5^ ^^hg 

aoi A^gi!Jl o^cK dnas 4= dna A^#s Bismol ^goii ^o^n ^M^^^ej dna 

S ?}'^n[iL, -tls. tf^^7|7^ DNA ^-as^ M'i^^ir 1^5:^ ti[yo-\^ci 

7F^^, □I-0I3.S H.7|o| 71-S 7|^(microfabrication technology)Ii|-5t| JL&-a(compatibility) SS-I ^SS 7hx|Ji oj 

DNA =SM» ^§1-71(^1 SH&ttb ^^(transducer surface : e ^"-SSJ CNT)cH| ^ S 7|- 

x| ^^'gjSO| ?Jbc||, 0|» -g-WSH M?j, Sl-Sr^eJ S*!-(chemical adsorption), 5*ati'"(ccvalent- binding), ^i7l^i 
21 ^I}-(electrostatic attraction), S§^^*ll{co- polymerization), ol-alEi- HFO|<£U A|>il|(avidin- biotin affin 
ity system) BS] gfa^S. L|-^ ^ m. Zft JLSX|-S 0|««|-0^ DNAS □[■0|HS.D|Ej 3.7\2.\ S.<^0\\ IL^ 

4=£ a!i=h. 

DNA SaS. DNA ^-aShS ^S^^S aS«F7| ^SljAHfe *0|CH SAMI U|^o|5:j a^CHI o|S.H UHS 

(background)* Sl^ 4= J^'fe 5lIlF^eJ Sfflx^S|7^ astHzj-. ojEHff SSxiaiS DNA SJ S5!!S(platform)S GhM 
7| ^|SH Eie °H^7t- S'gEloH Ell^KArial- Biochem.. 266:23-30, 1999; Nuc. Acid. Res., 29(21):107, 2001). 

EEn DNA ^^SKhybridlzation) aSCHj ^aSO| ::^i7^|inO|jE s|(3canoj^etric) 

D^|ESl(Color^ metric) ^"-a. UiL^A^ (nanoparticle)S OlSS" ^^S, ^^7|s^^^S OlSEh S-a(Science, 289:1757-6 
0, 2000; Anal. Biochem., 295:1-8, 2001; Analyst., 127:803-8, 2002; Anal. Bioanal. Chem., 375:287-93, 200 
3) sol 9Jtcl 

t.^e, CNT# ^ss^^&oNiAH A^^^|7^ &|^o^i e>oi ssrsfni 9M. m^3.^ ^m, B^ms-\ as, ^^ d 

NA AHo|o| :Hg (Anal. Bioanal. Chem., 375:103- 105, 2003; Proc. Natl. Acad. Sci. USA, 100(9):4984- 9, 2003; 
Anal. Bioanal. Chem., 375:287-293, 2003) S0| zl^iOlcK CNTS 7|Bhos. ti [:^g(multilayer)0^|A^o| -ag^Xl- 
gAHg S,^^o\ yjl £j7|^E.E. ^aoj ^4=?to^ DNA2I- ^mM7^[y[ JlSElfe Ml! 4= ?>^J1. ■^^^^l-tHI 

cm ejs^is saiAis 4= m. 

EEtl CNT oil ^^S7|« atTAI^fe 7|^I1^ iT^Hl ^7|gS0| tH&tFfe CNTOll cH?.^ 4^*-^* Sf:HA|7|e=jfe oj? 

7^ #i^^i &^£ja DNAS gfl^^fj-o^ ^stt!- cNTfe som ^7mam5. a- ^ei o^u|E^, CNT7^ 

^goij ^^o^|A^ S SiiFjEjE^ shfe "^^^ 7^5J[:|-. Olfe 4^S-a CNT, Xh7|iSJ-y ie(self- assembly surface), S^ 
*j- 5c- u(-o|o^!|Ai 7HtfcH| gfiEh e^l-g ^.HlKNat. Mater., 2(5):338-42, 2003; Science, 265:1850, 1994; Adv. 
fVlater., 10:701-3, 1998). 

iiesl BT(biotechnology)2t NT(na^otechnology)7^ ^Aflfe ^0|5:ios :asr(specific binding)!" ^ ?J 
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H^o|SSa^| OISS!" ff^ ai^xH^(hybrid nanomaterial)o| ^S!A|?^cK DNAfe ¥dthb flx|(des 

ired locations : S i^So^|A^fe 3 L|-itSSo| SS ^|j^|)0^| 7|-Ai Sli-l!- ^ SJfe :^iOFM Lft2^o|o^(smart nanowir 

Ol^S, Ai^ Mofo| air^ AH^$ 7i#{frontier technology)© 5^SS|-ZL IT(information technolo 

gy), NT i=' BTa| S&S ^SM7hg*h ^o^7h Sj^^cK o|S.¥EH ^H7)5^e! a#ao|£hfe uahsji gshsh c.m^ 
* dfoi ssasj ^AH^¥2f SUh oh^H^zi m\B] ^Soil OISI- ^ aJTll £E.lS;icKChen. J. et al., JAC 

S, 122:657-660, 2000; Dahne, L. et al., JACS, 123:5431-5436, 2001). 

^^sis^ss ^?t^7| mn M\s.ii^s.m omB.\9ic[. sen ^s^ej ^^^e ^n^, ^yi"^ as* ^moi ti[o\^^ 

A-i^ El^&i SS 0|§tte ^0|9;![:K 1993^ ^'yo] nsfliffo^j x|g/E|^Ej ^ 7\&fy m^oi\A-] 

g-i^g Ul-Olo-isllAHSAHjol 7\^^m MJlsl-g^cKStelzle, M. et al., J. Phys. Chem.. 97:2974-2981, 1 

993). SES ^ym?} ^gos. Mc:^ Mxi-s moi=s.ah AFMja^ ssMofl msAi?^ 
3^0^ ^usfo^ ^j7i^^ E|7^| ^^JL + 2^ . g ti[^] ^7igss ^R^^ c:|u^o|-i£^ iim^ ms. 

Bmm ^ 9JiJL, 0\S^m ^^BIS 0|SS^O^ ^7|gS| ^SH- ?JcKChen, X.Q. et al.. Nanotechnol.. 

9:208-211. 1998). 

<H| ^SH7h ^le SSJEjgiSCKWO 2002/86168 Al). 

tjAHSAHfe u^o|£uo^|A^ ej-sssi-M a^^^ gj-ee 7igo| sa-MS^ ^^sii: ois#fe ifsoi 7^s■ 

^0|l_|-(Torlba, A. et al., Biomed. Chromatography:BMC., 17:126- 132, 2003; Raj, S.U. et al., Anal. Chim.Acta, 
484:1- 14, 2003; Peggy. A.T. et al., J. Microblo. Meth., 53:221-233, 2003), SCH S^'-qWI ^j7|54 

S ^Sl.'' ^ AHS.e a.^'g^&Ol AIHEISAH CNTBte id±7im Sfi^Ol ^O^X|aL ?JCK 



gfgOl Oi^JlX^ 71^5:1 Jlfx-ll 

s was-i as-s CNT £Efe SH-s cNTO| ^Hl^o^i §#o| H^o|o B|'aE^7^ ^*^£|o^ ajfe a^-a c 

NT- dFOlH-^HAH SI =L AllS&t-^S AlS^feCil ^I^K 



^h7| g-^sl-^l ^«|-0i e gl-SS a^Ol SE-^ CNT SE^ ^!r7| aS-a CNTSJ nHEltHI Sl^ U^O|S 

Aj-7| ^^oi ?^7;liS CNTfe CNT- (CONH- R i -S- M)ro! ^eHS 7(-7:|fe w ^§°.S. ^ -^■71 

CNT- (CONH- R 1 - S- M)r2.\ 7^Xfe CNTfe (a) 5'|-s^^7|S CNTS Ai|g§|-fe BH; (b) ^7| 

CNTSI 7h = *|4J7|» 0hD|in7|2h E|«7|« &A|0| 7hX|t NH 2 " R 1 " SHSj 0|-a|in7|£h atfA|?H E|«7|3. 7Hae 

CNTS E^7:||; 5y (c) ^^7| e7^|0flAH 'iiO^^! E|S7|S 7Ha@ CNTOJ E|S7|0^| a&Al^lfe 7H*^ 

Ail^tte ^So^ Ih 4^ ?JcK o^7lAH, Me M-eKHJI, lo|-fe^o| :^[<^i^o\o\, R ^ & c 1.20 ^ ^ 

t^E^t^^4:#. Sittheth^^i:* SE^ 4^7|7|0|CK 

&^7| CNTo| nHtie (a) CNT* 5:^gA|S 7|S iffloil OfDli,^ ^S7lS tSA|a ^^^UyM E|S7| 

# SA|0^| 7|-X|b HOOC-R 2 -SH^ *HB|o|-Oi ^^7\ 7|§fe^£| o|-0|t7|2|- -feT?! 7|-s^^7| yo| 0[D\^ 

^-^Al^^ 7|S ifflcHI B\S7\m ^^M^\^ B^l; (b) ^^7i 7|Si?jo| E|S7|0^| g^0| SaHS Sji^y CNT 

^1 aa-Ai^fe BT^i; (c) ^7i 7ISCHI ¥*^a tjs-^ cNTo^| oig Eis sj-s7i# 7^^J hs-r 3 -shs st-a 

CNT* SirA|7=| CNT# ^Stte E^T^I; Si (d) &^7| (c) E^7=!|S aj-^tfo=| CNTS! *o|b 0-7=11 

m y-\M A-IISEla, 7|a- [CONH- R 2 - S- M- cnt- M- (S- R 3 - S- W- CNT- M)p] q.^ ^■SS ?>fe 5:!^* 
If- ^ 2.'!^. 0^7|A-| pfil- qfe 1 0|&^o| A^o^4=0|Jl, Ra^RgfeCi.goei .S.S|-E^iS^=^4:fl■, SaS^E.l■S|■4=4::# EEfe 
^7|7|0|CK ifflCH! Ol-Dlic 5tg7|7|- 7|SS 7|SS Ot-D|iE.S!-U^A|^&os xHe|S|-0^ '^0^ 
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e l^SS SE£h, CNT- (CONH- R i - S- M)r o| ^eH# ^j^-g CNT oj 3^(M)CH| ^ihO| ^-^i-ilo-j S^^fe 5!S 

^So^ CNT- M- sj^f ^*^*|| <^ 4^7| «!iM- ^i^A^IM o^|^J/B^o|^M 7|7F aficHI ¥Sfi|OH oj- 7|ao^| 

aSTAI^fe 5jS ^S^^ sh^ Uo| x^|^fe^'as 

&^7| 7\m^^o\\ CNT- M- ?;fSj-id(UV) ^A|■o^| oja- 7^iLg*^(crosslinking)^ 0|«SFb ZiS ^S^.^ 

e ^se EEn cnt- au- dna jin ymo]\ ¥ns\o-\ o^t 5is ^s^^ ehfe dna a d 

NA 5i» OlSthb Zim ^go^ thfe DNA ^-gSh ^SSi SSS-S* XilSthl^K 

e l^Se CNT- (CONH- R 1 - S- M)r o| ^E||S CNT ^^(M)CH| S.:±:7|S0| ¥^^S|OH 

5!» ^sois. thfe- CNT - M- ^it7ia ^ti-*ii» nmt.\-c[. 

^ sih, #7! CNT- M- s p ^l^jNls oigshb 5= ^S^s shfe s'homxipi- 2!-o^sFfe sitehSal 

assess nmnc[. 

#71 a^e ^j7!54 ^J5is oi^shfe ^s^s ir ^ sjcf. 

SAH, um-^sMlfe B^ja, *HAj-, s:^, Aia SEb 7|E|- 'a*^^?^^HS| ^g^x^o|[^i. c■\^ unr^tMi 

e ^'So^l u^o|^ Bmeife ^4:7is. Biz>^, ohnii^ii^ ^E|c_ ^iiK T^ia, sfe E^^shgej 

e ^So^l ?JoHAH, a(Au)ej 5o| H|-i,^5i5m, S(Ag) Lhii^^xK m\s{pt) L+Jii^xK S(Fe) uFit9JxK Ml!(Ni 

) UJtsjAh s^M(co) ^t^A^ Ai-si- ^£ ojch. 

s l^@o^lA^ Ai-sEfe -ss^ cnt- H^o|o^lA-^. go^fe s^-y cntchi ui-oiog^jji. ^.h^^i-^ B|^E^7^ ¥^£|o^ 

e ^so^!A^ A^giE|fe *:i:7ise s:4:y§<Hi £^oi5^fe mm^^ s^i^ck 

e ^so^|A^b 7m cnt oi 5j7i^ 7H-ido^7| mn a^^A^^ cntchi gxusFsi^cH^ u^asoi gxH^ 
CNT» th^^i srs7i7h jithi 7ia ^lofl asrs st^o=j y^^j^M s^ssho^ g^s 

CNT iiHlj(2fe X^|s|•*|■55c|■. SE& jliJ£ CNT nHUcHI g iJiiiSS^f BtS^b ^S7m ^1 

y hi-ois: bi-sehss #7| cnt hhs se^ hmo-ii ^^i-ti-o:! chgrfF s#o| s.*4 ui-oiagasM ^jx^ ggth 
7HLK ^7m%^^ ^^m o\st[oi asu- ^ bhoi^^iiAHm A^|5^§^si!c^. 

S ^So^| o|§^g, CNTS ^I^MI *o:!2! ^oH^^e^ -y^Al^Ui £i-^f{!0 SSH 7|#o| WmiM 5^o^U. ^ 

*|x|o^i Sthb HiTSj nHeiS #Soi|AH 4= ?x't:K 31, CNTM 7IS.KHI ¥*tt|-b ^^S^^b H.7i| S7|^£J 

^H-^BF i|-*r^eJ S-^ol aich 5^71540] gi-gol cntsI ^HxIS nlja^i 7:h^g7l| ^ SJ^eII e^5H, th^^^^jeJ Si- 
7|&« ^^S7|M =^S£^ ^ CNT7^ S'^^!o^| Szife ejshHS 7|E^o^lA^ m<M 

^Sfe ^IxlOll CNT# Sl.^A|?H JiHSS S-ySl-71 ^I^AHb 7|&o| ^S^eE.^ i^SA|?|Jl, CNT 71- ^^lI-^I S 

^0-iiAi s■A|L^ ^ 9io-\o\= shD4, CNTS s^^Aicj #^o|fe :7H3?oi A^l7^E|o^ PDMS2F a-e ¥^M^ 
^ !yo^o|: £hcK 

e si-*|-^e! g^'^sl S-as ilcllEh olStt =^ Jl^AhS o|S^^o4 7|S-oj hHS* #71 g£H 
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1. e L|-in3So| ?ixns cm si nzE 

^L^o^| sIsH &^e=l3 cnt^ ^^g7i(- cooH)m ■fe!-7i cnto| ?^=^^6J sf*?* o|-Dit(. nh 2 ) 

^S7)£F E|#(-SH) ^S7|m SAICHI 7|-£j OhDlJx. S^S7|£h a^AI^^CK 

OlCCl], '^■71 aa-ySSl ?^SU7:^l^Mj DCC(1,3-dicyclohexyl carboditmide), HATU( O- (7- azabenzotriazol- 1-y 
I)- 1,1:3,3-tetramethyl uronium hexafluorphosphate), HBTU( O- (benzotriazol- 1-yl)- 1,1,3,3- tetramethylur 
onium hexafluorophosphate), HAPyU( O- (7- azabenzotriazol - 1-yl)- 1,1:3,3- bis{tetramethylene)uronium he 
xafluor phosphate), HAMDU( O-iJ- azabenzotriazol- 1-yl)- 1,3- dimethyl- 1 ,3- dimethyleneuronlum hexafluor 
phosphate), HBMDU( O- (benzotriazol- 1- yl)- 1,3- dimethyl- 1,3- dimethyleneuronium hexafluorphosphate) 
gjah tH|0|^(base)SAM DIEA(diisopropylethylamine), TMP(2.4,6- trimethylpyridine), NMI( A/ - methyl imidazole 
) Al-gSFfe^ 50| U|■l,^^S^C^. SE£h m% SoH^ k\%% cH 7^SljX^I^A^ EDC(1- ethyl- 3- (3- dimethylamini- pr 
opyl) arbodlimide hydrochloride)^ A|-§§|-ZL, 7H51!Ai|o| M^X^!^A^ NHS A/- hydroxysuccinimide), NHSS(N- h 
ydroxysulfosuccinimide) §S A|-gS|-fe 3dO| UH|-?5|^cK S'HSUxfe - COOH '^%7\^ - NH 2 ^'"S7|7|- 0|- 
□1^ CONH- )S S^thfe "a^a* tFEJl, -^^71 bHlo|>i£} MixHIfe ?H»iJ7c||7|- ohD|c as* fi-S* [ffl :S.S* 

&^7| 0^□|bl ^S7!2^ E|ft ^S7|m gAMl 7h^te S7fe NH 2 - R 1 - SH^ iAjEfe Sh*rMSO| dH-5j3|-cK 0:| 
7|AH, R 1 e C 1.20 £1 ^ShEI-Sf=^4;#, SitS^&S|-=^^ri:W SEfe STtT^ ^7!7|0|Ch. 

&^7| e|* ^i-S7|S ?rtSS CNTO^| HAuCI 4 , HAuCi 4 • 3H 2 O, HAuBr 4 , AuCI 4 K, AuCI 4 Na, AuBr 4 K, A 
uBr 4 Na a& ^ Ui^ojAK CH u^t^^t^7^|fe hAuCI 4 g S^o|cg uj-aA[?1 go| sH ^o|(go)d nucleation 
site)* -^-atl- ^, %7\ [ «HS<iiJ 1] cHlAiSi- ^0| 0|^ ^g- y-*(ion extraction reaction)^ 0|^Sho^ ^ UtSJxhS 
€^^A|^ CNTOjl 3 ass SaHAIScK 

1] 

AuCI 4 - (aq) + N(C g H 17 ) 4+ (toluene) ^ N(C s H 17 ) 4* AuCI 4- (toluene) 
mAuCI 4 - (toluene) + n CNT-CONH-C 2 H 4 SH(toiuene) + 3me - -> 
4mCI 4 - (aq) + (Au ^ )(CNT- CONH- C 2 H 4 SH) „ (toluene) 

^IS5:!OS.'CNT-(CONH-R , -S-Au)r'o| ^EjlS 7^Xfe eo| ST^IS ^jE^ CNT7|- ?J0^5jC^. 0=|7|AH rg 10|^ 

3 l:l^tlo^l e(Ag) Ub^ojxK ^g(R) at^jxh ^^KPe) at^i^cK uisf(Ni) u^^^jak ^s^m(co) Lhi^^^x^ §m A^g 

e ^ ?^cK oictH turn f^EH^i ^^71 "ijxhg* i^hSF&fJ o|S^^o^ eis ^S7| g2F tfS ^01 SF*r^g 

71^ 7HS@ CNTCHI ^^7| ^^SS £^SJA|7^ a:^||A|lJ 4= SJcKJiang, K. et al., Nano Lett., 3:275- 277, 2003). 

2. 7|1! ?^o^| SElxHy Et<y(multlchannel type)o| aHEj 

*a|, ^E|5¥l|0|Hi SEF:±:^ %9.\ 7|^0i| CNTS J1SA|?|7| ^|§HAife '5!j&^0^|A^ £5!)^ol- 

2HldS S-Sir S£7^ Jjch. 7|So^i nHidg ^-ysl-fe l^i^e ¥ 7fx|7h gJcK =Krafe S-y^^^S-^W o|Ss|-o=| CNT» 
^Stf ¥g« A^i7^5^Jl. CNTS AI^J ^, UcH?:! A^|7-|5^fe a^aoU, CNTS ¥M» 

SSS|iitZl£H3i|(photolithography)5 o|St|-0:i 7|SJS ^zt(etching)l|-oS.AH S-aS- ==1^ aich. 

?*1l^eJ MEj 5!«H S^aa-Bt* OlSSl-fe gi-Qo^ SU- 8(Dowcorning co.)jiih fl-S 

MEiMziaHsi sss olstFoi ^g^ggh 7Hi7H^i-o=i cnts s*rAi7iJi s*r #■o^i L^□^7:| ^&o| a-^Qtg 7ai7Hshfe 
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= fflWHfe E 2(HiAHS* SOI ^S|S7ie(a) ¥jtH| &^at(photoresist film)§ >i|EJSUtU(b), ^SH?f SI D[^3.{ma 
sk)M A^S:S|-0^ i^S^(expose)£^ ^(c), ^^^S|-0=| iS5|4;ZLBHir| Sth ^*|-^ei HHfdS ^B|^ 7|Sh ^|0i| 'g 

•y&cKd). o^7|cH| ■a|4rJi»x|-» ^oi 50°Coi|Ai 1 A|^.^ Siei- ti- 7|-j]iAia ^(e), y 7^ia=! ei-<ajfet-JiMA|- ^■|o^|A^ s. 
S.E|4rZi£t|it| &e =4=^Eh[:Kf). i 2{f)£|- 4I-0I a^^^i-ol x|7HS ¥eo^| ja:|e^Uo|■ oh(1!-iM- : SiM- = 3 : 1) 

0\L[ : =10:1) <!M^(etching)moH ^S¥SS| iLMA|-» Xp4tm(g). L[D\7i\ SJ-gret 

s A^|7^°|-c|■(h). 

0|S7^| S^^l Bh7U JlMA^S 70°CO^|AH 2A|L^S^^ 7hJE(curing)A|^lCh. 7|-JIll! JlgAH ^BlS7|EhOflAH 

&StA|?^ SbH 5.?Ho^| ti=;^-a(hydrophilicity)7|g l^^t|-o=| 77H^£h ^E|g7|&0^| Moj^ aS^Si 

o| ii^SSJfe 4JE|&7|e!-o| ^'^£|o^ s^s|-5^ CNT gsj-Aj ^^ijoflAH 91t[^ ^^G> §«|-A|a ^ SJcK 

^7iofl AH^s- y^o^^ o|s^a nHe« s^^hfedi ?jo-iAHfe ■ysa^s s-asi- zio\ ym ma.n ci-e ^ecni 
-ysHif^i ^a^s '^^A^ MBmimo]] ^jl <aj^o| jimai-s ^o-i ^^i^ g,naoi jj^o^ gen 7hai&[o^^ ^ 

S jiMA|-ti-cM!Ai gBj^ej a!•l^os oJS ¥^G> A|7Hir 4= g^J^K ol^lTjj ^&r^ D^^3.7^ fj-yjil 4= aJcK 

CNTS oj-Sth uFolsiJoj g^, CNT» yS¥M(HiAH ^&a|?=| ^71^4, a^i-S ^Soh?^^L.K ^ 

go^|AHfe CNTg ^|*|o^! gatAlU 4= sjcfe sf^g 7|-7:|jl 

^^7|0^|A^ AH^tV Uh£|- a-Ol CNT7^ UH^^ 7|S(H| y^Ojc^gS* 5j7|^o^ SM§^7| ^iSHAHfe E. 6 LHXI 8 

3f S>0| -aij^Kg xlsHo^ t^fec||, o|[[H 4=™™ ~ ^r^um^l ^*ll7h i&S sra^H ¥oHot *!-[:K o^7| 

0\\ Afg«h 4* oife 7|E!-& SB|i:.|tHli!4i^tl-(polydimethylsiloxane, PDMS), PMMA(polymetbyimethacrylate), PC 
(polycarbonate), PE(poly ethylene), PP(polypropylene). PS{polystyrene) aSffh jl^Aj- AllS.71- OlSS 

S ?JOHAH, CNTfe 2^2^ ^^^^7^ el7^a ^ ^0]^ ^L|-o| i^j^^ L|-in£hO|0-|(nanowires)l etH SJ^ 

<HI "S^a^ ^ 92^Q\. 0i7M ^dE-a at2h0|0-|fe SEH7|^g OlStl-04 B^fjAFS ^ ?JocH(Science, 275: 

1896- 97, 1997), 5H£^ B^^^ "^StF E|jtiS ^-^^1- ^ 0|S ^gJ(imp!antation)Om >lE^E^lj(sputtering)S 
0|S3|-0^ S#7F S.^ ojfe S«rA|S 4 £JCK 

3. Jlxll 7|S ^0\\ E!S ?£t§7|(-SH} AliS 

e aoilAHfe ^^El. -ysi^ ipiloini #EF^e| go| ^o^| Ji^xm MB||A|>.M EHUm -^71 nHtj 

S 0FA,3^ tl-0:! 0|-D|izzg-a^At^e|-« S^Oil JlS^hO^ 0|-0|inL7|S 7|S S.'^OW i3^SA|7|^ AhSShS^CK 

o^□|i^o^•^^A|4lE^°^fe o|-□|b^^sSjE£|o^|^A|1yE^w A^gtfe uHj-s^tl-cK 

^7| 0FO|iii7|7|- ILSS Seo^l E|S ^S7|M ix:SA|7|7| mt[Oi 0hn|i,7|S HOOC- R 2 -SH(0i7|AH, R 2 

C 1.20 £J ^tF&SF^i£:#. MiSF&th4=4i# SEfe &^tr^ ^7|7|0|C|-)£h E|§ 3^^*7|2^ ^^yM 
SAjOfl 71-S Sl-^rSS^ ^l-s^x! SI-S7I2I- 0|-0|£. Sft:^S ^^Aj^cK 7|S a^CHI E|g7|7|- iugg '712- 

CONH- R 2 - SH- fiEHol ^^7F «^@CK 

OjtOl, oFdE. ail's! S'HwlJ^fl^Ml DCC, HATU. HBTU, HAPyU, HAMDU. HBMDU SBj- bH|0|>ii(base)^Mi 
DIEA, TMP, NMI gft A|-S^hfe 5jo| u|-if^tFcK EEffl" =S goHS AFglT 01 ?H«UAflSAH EDCS. Mix-ll 
SAH NHS, NHSS SS Al-Sthb 3dO| UH-^^CK 

4. 7is ^(Hi CNTM sHti sEfe ss§ s^s^fe 

•^■'td, SOj SAHS CNT(Au- CNT- Au)S E|S Si-«7|7|- i^^-S 7ia(>'ia- CONH- R 2 - SH)CH| lit^A|?J[:K 0|[lj| 7| 
S aeal E|S ?^^S7|2|- CNTOil SaH^ e Al-OlOll Au- S UH7|- §-S£|0^ 7|S^'•0^| CNT7I- 2IrS^7^| £J0H '7! 
a- CONH- R 2 - S- Au- CNT- Au' -gEHSl ^^7^ ^-^Sl^K^ 3a). 

chgo^, 7I20II -idq^o^ cmoi ^AllSjO-i 2"^ gjll- Ojg E|S H^7\m HS- R 3 - SH^ 

SA|£|fe Sh^ga* t^SA!7|Jl, -gOj ^^XHS CNT# ^7| Ij^H^I C[B S Sf Ej* 5tS7|2F ehSAI^ICh. 0| 

eJ-SoS. VIS- [ CONH- R 2 - S- Au- CNT- Au- S- R 3 - S- Au- CNT- Au' SE||2J ?3E7|- S^@C|- (£. 3b). 

=L cFgOM, eOl i^AH^ ^JE^ CNTfih ^^71 0|g E|g 3S^g7|S 7|-?E! S|-^gSalFo| Sh^ghg^ y^S|o^ 4^SSh 

0^ ^lao^| cNTsj iSSJE* *eji^K 2Js^^m'7|s-[conh-r 2 - s- au- cnt- au- (s- r 3-s-Au-c 



- 8- 



^7}\^ti 10-2004-0107225 



NT- Au)p]q'S| =?^m ?ffe CNT nHfj ife SiJE-^ CNT gSO| t^^^cKJE 3c LHx| JE 3e). 0^7|AH pS>h q 

5. aoi s^H^ si-a cNTcHi Bi^Eis asrs^^ sra 

e 1^S0^1 ojOHAH, U^0|o BmEj(receptor)fe i^^i bl|-0|o^g2|. B^g^fe gS^AH, -^-7! Uti a^ 

aStt-j^ =S.M <2^#S tfe SSol Ul-ij-sishCK oiEHtr y^ol^ BmB\S.t (nucleic acids), e'^s 
(proteins), -^eIje. (peptides), ol-niiz^il- (amino acids), ^|L^JE. (ligands), S.^ 7|S (enzyme substrates), ^^E^ ( 

cofactors) mo\ 9jcK s iJ-go^| ?jouH, bii-o|o^g!s si-^E^sf 2asr^7HU eJ■s*^o=| ag^ife a^i ^n-s n- 
£4fe 3 L-htgjxf7^ ?j7;ij€! cNTo| aedo-ii SHI- H.^«§i-b ^'■g7iM x|y chgfth E|^E^§o| ^, 

mm UEhLHJl, 4b ■fer7| UFOIS B|^EH£|- ^.h^ft 4= S.^ UfO|SgS# LhEhycK 3b UFO|S B\^E-\ gO^|A^ # 

B|:o.^#aiSE|&» LFEKi|:ii, 5b chjs\ ji^S gBlJi^aaiSEi^^f ai-go}- 4. jjb 
^M^ a^^fg LhEi-u|[j|, ee BhS^ol gib "aaj- uFoiass^ UBFycK 

£ 5b S-l-OlLWI Jl^^ahSS ^I^Foi 3 L|-i^Sj7;f7F ^^AHS CNTO^| E|§ ^^7m 7^£J ?|-0|l-|-7y|o| 7|S 1!E|J£(S p 

)S niSAia CNT-Au- 7ISSIEIS. nmnm t-mm. o\m c]-^t^ ^homoi-xni s^toii ej^+si- ysofl 

^^7| U|-0|o el-Wj&l^ U^O|ogg ^^o| uhg a#|J-^o^b USi-S a# AI^^^IosaH g-'^TilOll £!7|2:j 
ae-a, ^^.la (resonance) EEb SS"*!!* o|Se.h AhS^ 4= 9in. i:lS.o\\ Q\M agSFb ^-'^S 

AFSsFb 5J0| dH^SjS^oi, 0| bhO|^ ^|^E^£^ JLS^ U^Ol^Sa^l B^S•A| CNTO^|A^ ^^tfe aiAil*!- 

tfSFS sjsg gsH au|EHu|-o=| SSSf 4^ 2JeK 

6. Sir Ai^^a 

uhois.^iiAHo| 5i7i?H ^gg^o| ^E^|o|^di^l■ H|-0| o ^HlA^o^|A^ tf-^tib f^iTga* ss^i-b isa- eoi 

3» uhganFS ^Stt- 4= ?/!Eh. £E& WSSiHi y,HAh>d S^IS^iS ^*!-a|7H ^SSoiiAH 7^11^7 1« 

o\^t^oi gj-Ah-tdS ^Ssi-b 7|^2J omn 4=£ e«!ch. 

e soiiAHb CNT oi "EJ^^s S7|54 ms&chb mmM, s ^J7isiej ^ss oise ^-^g ? 

*||lFSh?^CK H|-0|SgS£| m^i^ '2!^^^0^|A^ ^SSHOf^Shfe g¥7F el°S^, e ^'■gOilAHb ^^"-OllAH CNTO| ^7m 

4=^|g T^l^tl-bcll §>^S;iEK cntsI i^o^l uFol^gfioi o|Sfe£S ^^§^71 mt^oi e STScHIaH 

b All 7m <^^9 o\9t[9ic!t. ¥*ii5iosb CNT ^eo^| ?i-omxi ^^t^j 7ia^EiH7h atraoH ?jb i schi [ef-e 
CNT- Au- 7mmm^ m^^Mim ^i-omx-ii ^.^iti-gtHi ^g5i-o:| ^71 ahss^hs ii-^tfb oie^sb tF7i 37^x1 
^^ti-b 5! 01 7^fe5|-c^. 

5i fflwHb SaS olS§ho=j tHth&SBJ-SS * iB!E|s^Ei|E(potentio stat)£h S-UIS AhStfo^j 

^Stl-fe uHJJ^lb ^^j7!o| 7||yg AFSSho^l Ul¥54 o|Sg=^ ^7m ^SM SSH ^Sohb 5io|ttj, 

Ml e«3ib cHS^^Iioi ^E|s o|gs|-o^ ^ajoi oiesi A||7|o|| c[^E|■ cH^iS-sj Hi-oj-ol '^^o^x|b ^S*Ffe 5!o|cF. 

^ ^msi t^SI-fi-^y-SS SaH M^sm ^7\m%^^ asa^^, AFoISbi MEFcHlMBKcyclic voltametry)2| ig! 
E|£I31|E Bl(potentiometry) ZLB|JL gj-HH^[H| MB!(amperometry) OlSth S"*! (Potentiostat/ Galbanostat, A 
metech co.)» AhS^^Oi £ 62|- i^0|, CNTCHj oH^^ ^^jj^ BtO|£gSS ?fA*|-JL gJb ^*I|(H| 

^j^a a^si anhs ^ssfb 5ioiEK 

¥ "dmlol ^^i7|o| SBIS 0|g«^ 0|&o| fe£^Sb, i 7Sh ^^0|, CNT7h ¥*|-^ 7lS^|o^| '5HxM AhO|oi| ^Jl "tj 
golLF S^S AH^S 7ia» tjasl-JL, SS^i^S asHSol iH-^ ge!lo^| g-fl ^^si- Hi 

Ml ^m°i cHSEF ^BIS olSshb H^B. £ 82h S-ol, jL&xm Se =£JcHi cH^jataf^ «oh a|-ato| ^oHxIb S£ 
S >l|o|A|S S«H 50ICK 

o^7|AH ^^gHSj3^ 5i#o| #7j|b '^d^HS 4^S'ajs| fe£ « ^W9.\ a||7|' oliiF. ^ cnt s.acH| -a^j o|gfe 
£ofl EE^^ SsHSsi fes^i7F a^al a||7|(H! ulailsf^s o|-sHSf 7|5|-cH|Ai t^^S o|&o| ^^.g ^gfj- 4. 01,^^ 
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s iJ-goj 'i^?^7^ o|fe 4iANio^i ^feci-fe 5je s■^7ljo^|A^ x\Mm A^o^|7^| gjouH 

^A|0^| 1; g(Au)0| S^HS CNTSI 

0|SS^O^ e'^'^ &4iaiz#M( single walled carbon nanotube: SWNT)* SEI-ET C[m, ^'•S7|7F 
^Xlltfe CNTM <^ 2^^7=11 (two- phase liquid- liquid system)0|Ai gj-gS SShO:{ g L|■it?J7:^7^ SaH 

(dot)S CNTS Afli^ho^cK^ 1). 

^AH, O^iEl-g SDII<H|A-| 7^SliA^! DCC^I ^m^^, 0|-0|b^(- NH 2 ) ^S7|2^ E|-g(- SH) 5|-S7|S SAIcHI 
2-aminoethanethiol)M ^^7| ^^7\W CNT£|- ^"-BcHjAH ^>'24 A| ill-S 2h JEy-Aj^acK CNTO| Bi■E^jI^ 

^fflSj ^*|o^| Au- S Sl-sr ^atrcni Q\t[Oi ^ t«A[.0|E (goid nuclealion sites)7|- ^-S^SJ^M. 

#B| y-g7|CH| ojbL^^^ 0.01% S M^0|.£ §°H 25mlS "rf^ C^g. 01 ^ii^|-s7^| ULej-Al^l'SAH 0.01665mmol 

N(C 3 H 17 ) 4 Br i6.5ml# Sfiol ^7FsF$^cK o| eJ-gcHlAH, maI^ S¥"2i!sJ Se|7^ ^oHlFcH, o| 

s^iis ths M ¥M2j -yjoi A^E^s hh^ai dh^ mentF^^cK B\s7m cnt 2mgs 1 

Om|o| M^<t:l!o| eiJ-Al^ ^, -y-g #7|^^(organic phase)0^| ^H?H§| §7FtfS^cK 0|o^A^, 0.0825mmol NaBH 

4 (S) g-^H 20.5mig titl^l Jiei-sl-'^Ai m7[t^9in. 01 fflfgg ^^gcHlAH 20AI2LI- wi|-^?-ll iie^A|^ 

, M^'SLf ^7|^(organic phase)* ^'aSKH7lS 0|SS^O^ l^(aqueous phase)OM¥E^ gB|*^S3c^. MB|S 4f7| 
ioonm 7!^ a.7|S PVDF{polyvinyiidene fluoride) ■aMEIiej 1|E^^ o|S§|-0:| o^liFtl-S^oD:!^ o| om 

o:|2^@ Ais# 3*1- §#^0^1 '^jL ^m^\m omt\oi ^^hai^i q-g, 01 ^it^nm 2ooorpmoj eo^ s 

§ ?HSA|at:K 

^^7| l^a^S A^i3ES a aSOl QaHS cmm TEM(tranmission electron microscope)I!|- XPS(X- ray photoelect 
ron spectroscope)Oli &'^§^$^c:K £ 9(a)fe CNTCHI E|g7|(- SH)M ^^£[ ^, 3 S^Ol^S &i-*A|?=l °^om 
, 3 SSO| SAHS CNTO| TEM A|-S0|J1. £ 9(b)fe E|§7|(- SH)7|- fi^E|X| S^g CNT# g #^0|S.£|- ^^Km 
CNTSI TEM AhSOiCK ^7| e^A^?^los¥E^, E|S7|7h 5A||S|-fe CNTOflAH ^ aSSS CNTjel aEH¥ M 

^ ^^o^| Dj ao| SxHiElo-l ^ ^ ?>JS^Ji, E|g7|7h CNTcHlAHfe s asol gxHJEjAl StStSS ^ ?J 

£ loe £ 9g JiidHgS ^^l:H &Si-& HR-TEM A|-5!o|cK A^5Jo^|A^ ^SS qAKlattice)£l d- i^Ellol-y (d 

-spacing)^ 2.36± 0.02 A 0|ajcK Ofe 3°! {111} ^gj0^j cHS' ^tj^^oj a:(2.355A )j2F 7-|o| gi:0|c:^ (Po 

wder Diffraction Data File 38- 1364, Inorganic Phases, JCPDS Internationa! Centre for Diffraction Data, Swat 
hmore, PA, 199). 

CNToi! SaH^ e SSsJ ^i^s^^^E||fe xpss S«HaH£ s|-oi«h ^ oioh^^ £ 11 e CNT (HI SaHS e sStHi cHt^ xp 

5 0|gII|H(doublet) Aa|Ego|cK 3(Au)o| 0|Slt|3. Stf o^|L^X|(bindi^g energy)Sg ^t^J" 4f 5/2 (87.9eV) Si 
Au 4f 7/2 (84.2 eV)0|a. Olb £^S&^Eli2J g(Au 0 )CH| SH&^fe U0\€.\. 0|S.¥EH, CNT iHcHI gxHS ^ ass 

e ai¥eoi smois ^g\7y oi-y ei-ss 3 ^ ^ 

^AlO^j 2: ao| SAfi^J CNT» 0|Sf.^ DNA -E-ySF ^^tt 

B|S7|» DNALl- SBlJl+rSfiH^Eli^fe CNT y^'a0^i SaH^I 3 Ut^SOll ^|*| ^0|^o^ SflEloH CNT 

-Au- DNA ^l,^*1[g S-^&CKS. 12(a)). SB|IlTt#ell2.E|c(o|jgonucleotide)7|- a&S CNT* *B|- L- e|-0|<M(p 
Qly- L- lysine)o^ x-jBiS ^E|-0| c.(a|^aI-0|<>!A)(H| DNA Ail^E^ EH2|- ^g ^fSS 7-|*i JI?^2^o|■?5cK 
Mark Schena et al., Science 270:467-470,1995). 

t\7\ AH^ 1 o| gau^ff sells E|^7^ jiSfJ cntm o.2|im Ell = s SlE^o^| o:j£H Hj gi!tA|7H DiygS gsizL-^sai 

2E|c* Aip-lthS^CK SE^ ^ gB|Jlfrga|SE|£7h JlSS CNT g^e SfeieB|7|S Afg^fOi fe^S^S^I:K 
AHii 1:5'- TGT GCC ACC TAC AAG CTG TG (C3)- thiol- 3 

gB|JlfrMa|2.E|j£S ga|-L- B^O|^JO| *HE|^ ^EI 7|SI ^Oll It|?«S 0|Sg|-0^ 10|i« Et^S.| "goHMBj 
Jl, 4rS0^Ai laAjZh a^^AlCl Cl-M. 1XSSC(0.15M NaCI 0.01 5M sodium citrate)7^ ojfe StHofl 
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A|?J ^, x^fi.|-id 7|-JiL 5}-*|(Spectrolinker XL- 1500 UV crosslinker)© o|g^|-o=| 650mJ J1S!5|-S|-5^[^K 
S-aS CCm #B|:ilJffaaiSE|co| <£Ji47|(P04-)2F g.^-^^ KIH SBI- L- aFOl^dal 0|-D|i:,z7!(NH3+)7h 

S5H7i5io^ a&stecni, o^7|o^| xi-^^i^* iA^§^:a, ££7Hs £^0^1 2f a^sFej s^stroi m^^w 
ms.\iLQim U7^^ CNT7^ ^ei7is mow jissfsck s i2(b)fe sbi- l- B^o|^Jos ?hbis 7ls&^o^|A^ cnt 

- Au- DNA ^ir*1i7F asrsjoH 5^* ui-ei-ycK 

o^□|i^7|s 6Ehoi£(corning cop.) ^o^| an fer& o^□|in7ls m^m^y\ mm eg ^ 

AM g!-S|-0|c.E|-o|c(succinic anhydride{Sigma)B 350mi 1- DHI^- Jl|l!a|C|fe1- methyl- 2- pyrrilidinone (Sigma) 
SDfjoij ^^^CK ^•'71 ^AN eftF0!£.B|-O|S.7h e.¥ c:^S, 15ml^ 1M 4;SME||0|E(sodium borate, pH 8.0)5 
^Bl ^B^O|^S 15^ n ehOfl &7h^5ia. OlCEH ^A|M &^SfO|^E^O|£.fe 4^S| *B^0|£O| o^D|t7|CH| g 

o^^oi ^am A^i7-^§^7| ^ish 95°c ^*4-ofl 2M ^7^^Jl, o\mmo\\ ^^ seh -^oi &h#Aia ^. 

eoorpm^s S^SBlsU ^d^Mfi^l. 

^U|sj ggj 3.5XSSC(0.525M NaCl, 0.0525M sodium citrate, pH 7.0), 0.1% SDS, lOmg/mL BSA({Bovine seru 
m albumin) e.^o^| ^|o|Ai ^U)^ yjL 50°C0^|A^ 20SL^ £^SA^^ ^, ^^4= gW4^cH| 1M^ ¥ tt! 

jJfSS cl-S, 0|4iJ^S.B a-HS(isopropyi alcohol)CH| 1ML^ 97^&ch. nBlJl SOOrpmos. SMZJ- 

B|t^o^ so^| o^ieoi gong x^|7^t^s^cK 

mam SJS ^t*1(Telechem) e.KH| <tiO] CNT7^ JlSS g^S 31|5«os 'iao^cc 

siji n ^is 7^bH#s^o|c^ "ssjich. 01 tcH ^m\- 32^«o| ^t-M=5^£j ?i7iAHasi ss|Jl4T#5^lsE|c7^ a-z.1 

3\S feSE.71- 3XSSC(0.45M NaCI, 0.045M sodium citrate), 0.3% SDS(sodium dodecyl sulfate)7h E| 
^1 E^SOH, s ¥it|7h 40ti£7h £|7l| *!•c:^. 0^7|A^ S-aHoj ^^M^iei SE|Jl^gSlj2.E|£ <i^7|AH'3ae §h7| AH^ 

2£|- a-I^K 

AH<a 2: 5'- CAC AGC TTG TAG GTG GCA CA - FITC - 3' 

¥ «B|Jl^#ai£E|c 7^cho| HR0|5H Ai|7H^h7| ^Itfoi 01 goH* 100°C0l|AH 2gZI 12000rpm 

2&^} Sfe^^BlshSA^cK *-ashS ?au-| e.i-o1|AH -S^I^OI yzEEl^ 5* ^^7| ^ISH ^^UH 7h£l miSJ 

*oi| 3XSSC(0.45M NaCI, 0.045M sodium citrate)S 30^.^^ ^ti\ ¥Sw 55°C ITg^cHI l0A|Zf 

1DA|y ^. S-atI- ire^cHlAH 7}mo-\ 2XSSC §"2i{0^| 2^ g7^^JL, H C^SCH| 0.1XSSC(0.015M NaCI, 

0.0015M sodium citrate) 0.1% SDS S'2t|<H| 5& 0.1XSSCCHI 5g ^S;icK ^ U 

s s^e x^!7^^^7| m^oi *jm ^^&ai7i ^^cHl -^ji eoorpmos s^zh s^gB|t^2s!cK 

0|D|Xfe >i?HoHa|0| 5000 (ScanArray 5000 Packard Bioscience, BioChip Tecnologies LLC) OlAl 
^□ISjlF aMO^a|o| □hol^S.oHaiol =Sziig(QuantArray Microarray Analysis Software)* OlSt|-o4 <i^<ii 

«EiJi^#Bii2E|c7h jL^m cNTo^| ■^M'si^i 'a7iAH<a« 7^£i fiBiJi^gai sei^m ysAi?^# tmoi s 

-idS#U 1L^7M L|-E|-fers ^ ^ ?J2^CK£ 13(a)0[ ^^ A^a). ^^h, SB[J1W5||SE|c7^ ji:^S.\0-\ 

s CNT2^ SBiJiJ^saisEi£7h go^ $^ffe cNioii -^^a^oix! g>e ?^7|ah^s 7F£J SBmJ^Tse^lsE|£o^| a-asi- 

A|S^ CCHb S*=i ilS^Ol UEhUxl e>SS °^ ^ gJX^icKH 13(a)0| 7^SD|| §J Af^J). 0| ai!f^¥Ei y|^o|5^ 

ZLg 13(b)0i| UEl-y UF£^ ^^0|, CNT^ ^B|7i2 ^IcHI SBU^rfSell^El^S SOlZL ^^a^O|X| 

?i7iAH-a* ?;iy *Bini^aeiisEic£F ^M^ijej ?i7iAi'a« ?;iy SBU^MeiisEicg a-oi ^^sfais a^K * 
^5h€! 5Jiih ate 5!s ^ej^7<i =^^m ^ ai^cK 



0| axH^ CNT una EEfe CNT USS ^J!|■7^ $JIIK 5E?.f, S gfgg ^7| S^-g CNT njjlH Sfe 
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B ^eo^^ m-e cnt- uhoia^iuHfe ae^s^oi <sijL, ^yms^^ -asoi ^^ti-o^ dna£|- a-& -yjs^^ii-si ^ 



(57) a^l 

g^Ol gxHS CNT 2b •y?! ^jS^ CNT0| Ef!t^O^[ =^ U|-0|S glJaI^ alr^|-7^L^ BJ-S^fe bhOlS Bi-a 

E|7|- ¥«|-iEjO-i ?Jb 2dS ^S^S Sl-b aJE-fe! CNT- U^O|S^A^. 

A^|1l}•o^| °iow, ui-ois E|^E^fe 5:rfc7ia, Bizj'^, o^□|iIl6!■. mm^. b-^s, ^^^h. 3.mB\ se^ e^^sFgej 

5g ^S^S tl-b as.^ CNT- a|-0|o-£!!AH. 

n\2^oi\ 92o]A-\, u^o|H E|^E^b e-^aei 5is ^s^s. shb ^Jt-y cnt- bhois.^!!Ai 

1.^01 9MM, u^o|£ s^Elfe e|«7|M S-^sfe ^S^^ CNT- H^o|£-^f[!A^. 

S?S>^ 5. 

A^|1lj■0^| ?^'OUH, 3^0i ^TqjS ^ji^ CNTfe CNT-(CONH-R i -S-M)rO| SeHM 7^X|fe ^gjg ^S^S Sfe 
^iS-y CNT- y^O|S-^i!!A^ (0=|7|Ai M& 3^* UEhLllJl, re 10|^o| 7;|-^^0|iH, R , e C 1.20 ^ iSH^Sf^4:W 
. M=5Ls|■E^5|-4=4i^ SEfe lj-?r^ ^7t7|0|C^). 

Sn^l!" 6. 

^i|5l!-0l| 9;.'0UH, CNT- (CONH- R ^ - S- M)r o| SeHS 7^X|fe ^JJE^ CNTfe- §h7|o| 07^1* 7-{M 7:flSE|fe 5 
ojg «|go^ CNT- U|-0|S^lAi; 

(a) ?^ = ^4i7|S CNTS T^lg^hfe e^NI; 

(b) &^7| CNTSl ?^ = ^^7|« 0fn|t7|2|- E|g7|« §A|{H| 7^Xfe NH 2 - R i - SHa| 0hn!iii7|2|- ^^M^ 
S 7HS@ CNTM ^fe EMI; Sy 

(C) ^71 &7=||0jiAH ?d0^5l E|S7|S 7IISS CNTO| E!S7|0fl a^SfS UnM^l^ &7^|. 

sro^| ojoUH, SiS-a CNTO| nHtJe Cfgoj 07:i|g 7-1:^=1 Tl^j^ElJi, 7|S- [CONH- R 2 - S- M- CNT- M- (S- R 3 
-S- M- CNT- M)p]qO| ^SS.^ shfe ^ii'ib! CNT- ti[0\2.^M (0=|7|A-] p£h qb 10|^^^ Xhoj^ 

OlJl, R 2 R 3 b C 1.20 ^ est|-El-5h^:i:# Sfe Ifir^ ^7|7|0|[:h): 

(a) CNTS =54gA|^ 7|S 0|-D|in 5j-g7lS Jt^A|?J Chg, ?^e^4J7|-^^ E|g7|S SA|(>]| 7^X|b HOOC- R 

2 - SH^ *^E|s^o^, 7\^^9\ o^□|i7|s^^ ^'■7i sh^rsa^i n^n^yi t^qw o[a\^ sirs 7is 

(b) ^^71 7|SJL?^2| EIS7I&1I a^Ol axH@ CNTSl H^M^lt: &7i|; 

(c) ^^7| 7|ao]| a^rS CNTO^| 0|g E|S 5|-§7|» 7^^l HS- R 3 - SHS S^-^ CNTM SirA|7:j C 
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(d) ^<-7| (c) ^^^[oi ^It-a CNTSI *0|b 0741. 

x^|7i!■(H| i^ao^i oi-Diii^ ^S7|7^ tas 7ise 7ia« o^□|infl•^^A|^lhos. *hei*i-o^ «^o^3 ^ 

SOS. 5hb as-a CNT- yho|^i!!AH. 
9. 

10. 

a^oi sxHs at-y CNT 4,^71 CNT 3IHso^! uho|Osai!+ m^t[7-\L-\ e^g5^te HFo|o ^|-ajE^M 

^?fi- 12. 

Jiijl ^3 

5ii5ofl sjoHAH, gfts ^i7i^ ti^m olsti-b 5§ ^s^s tFfe 
s?sr 14. 

CNT- (CONH- R 1 - S- M)ro| 'gEHS ^hxfe ^jE-g CNT£| g^(M)CH| mtO\ ¥^^0^ SJfe 5!^ ^S^^ Sfe 

CNT- M- 

15 

^1ll4ffoHl SJJoHAH, 5jS ^S^S thfe SE-a CNT- Au- 

16. 

?;^l15lr<H| aioHAH, m^B dnasj 5S ^s^s. si-t ^je.^ cnt- au- dna ^^xii. 
^^ir 17. 

oi-Ej/Bi-oi^j 7|7h a.facHi ^^E|oi 7iiioii, x^|14il• luxi Aflieii- g oii=: th SE-a cnt- M-na 
m sirAi5'fe 5§ ^s^s. si-b sjj^i tc-ii^^h^. 

^^S- 18. 

?:ll17ir<H| aioHAH. jise xl-aj^d SAhM gth 7hJ3ia^« o|S*Ffe 5« a^So^ *hb IJ-a. 
19. 

Xj|18tro| ^^aofl xms\JL, Afl16t!-o| cnt- Au- DNA ^tr*l|7!- 7|iJ0| ^*fJE|OH 5§ ^go 

Sfe DNA =£j. 

20. 

Al|19l^o| DNA as OlgSl-fe 5jw ^S^S DNA tfSSj aSSfS. 

•§T^?>^ 21 . 

CNT- (CONH- R 1 - S- M)r°l SeH« 7hAfe Si-S CNT £1 g^(M)(H| :§.^ 7|S0| ^*tEjoH g^fe 5§ ^S©^ 

^HE-^ CNT- M- &±y\^ ^nM. 

22. 

x■l|21l,^o^| ojoHAi ^gos ©^fe SE-y CNT- Au- 7is mmi 

23. 
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;gipL^h 25. 

m4no]\ ?joHAi, ^d7N Aijts o|gt^fe 5s ^s^s tfe ftta. 



£H1 




^^^^ O'-^^'^MfT-^.H. 



c 
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s.ei2b 






"3135 



<110> KAisr 

<120> B osensor usi ng the conduct i ve carbon narxatubes and n^thod 

thereof 
<130> P03-099 

<160> 2 

<170> KDpatentIn 1.71 
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<210> 1 
<211> 20 
<212> OVA 

<213> A-tiflcial Sequence 
<220> 

<223> ol i gonuci eot i de 
<400> 1 

tgtgccacct acaagctgtg 20 
<510> 2 
<211> 20 
<212> QNA 

<2^3> Artificial Sequence 
<;220> 

<223> ol i gonucI eot i de 

<400> 2 

cacagcttgt aggtggcaca 20 
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